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A B S T R A C T
Purpose of the study: To report our experience in treating complicated biliary calculi by percutaneous
transhepatic endoscopic biliary holmium laser lithotripsy (PTBL).
Patients and Methods: Ten symptomatic patients with intrahepatic or common bile duct calculi underwent
PTBL. Six of these patients had previously undergone unsuccessful endoscopic treatment; four patients
were declared not suitable for endoscopic procedure. PTBL was performed with a ﬂexible choledochoscopy
inserted by way of the percutaneous access sheath. A holmium laser was used to fragment the biliary stones.
Sphincteroplasty was performed when considered necessary and an occlusion balloon for the clearance of
common bile duct (CBD) calculi was used when continuous warm saline irrigation at high pressure was not
sufﬁcient. Clinical follow upwas performed by the referring physician. Technical success, clinical success and
complications were evaluated.
Main ﬁndings: Technical success rate was 100%. The overall clinical success rate was 100%. No patients
underwent additional procedures for retained stones or developed de novo strictures or other complications
related to the procedure. Hospital stay was no more than 4 days after the procedure. Duration of follow-up
was 6–25 months (mean 12.6). One patient died from unrelated causes. During this period, no recurrence
and/or complications related to procedure were observed.
No major complications were registered. Minor complications like temporary abdominal pain were
considered not signiﬁcant by the patients.
Conclusions: Complicated or large biliary calculi can be treated successfully using PTBL. In selected patients,
this approach should become the ﬁrst choice of treatment after other treatments are rejected.
© 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.
1. Introduction
Endoscopic retrograde cholangiopancreatography (ERCP) is the ﬁrst-
line treatment for common bile duct stones. 1 However, ERCP
cannot be performed effectively in all patients. Factors such as
variability in the anatomy of the ampulla of Vater, the presence of
duodenal diverticuli, patients’ intolerance or phobia for endoscopy
or surgical procedures involving the stomach such as Roux-en-Y
anastomosis may limit success. Options for patients in these cir-
cumstances are limited. Peritoneoscopic biliary surgery has widely
been used as an effective and relatively safe method compared
with conventional open surgery. However, general anesthesia is
necessary to perform the surgery and the cost of the procedure
is high. Another alternative is represented by transhepatic stone
removal, using Dormia basket or pre-dilating the papilla with a
balloon and clearing common bile duct (CBD) stones using occlusion
balloon pushing. 2,3
Few reports exist on laser lithotripsy for “complicated” or “difﬁcult”
hepatolithiasis, by either per-oral endoscopy 4 or a percutaneous
transhepatic approach. 5–9 Series treated with the percutaneous
approach are composed of a median of 16 patients (range 9–22
patients). Comprehensive experience has been achieved with the
holmium laser for the treatment of urinary calculi. It has been
proven to be effective for all stone compositions with minimal
complications. 5,10 These results have encouraged its usage as a
biliary lithotripter during the last years. The insertion of a ﬂexible
choledochoscope through an intrahepatic duct allows inspection of
zones that cannot be reached by conventional endoscopy and the
holmium laser can achieve efﬁcient clearance of encountered stones.
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Table 1
Patient characteristics
Patient Age;
Gender
Reason for ERCP failure Preoperative cholangiogram
1 75; M Intolerance of endoscopy 2 stones in CBD (1.5–3 cm)
2 67; F Papilla of Vater located inside an intestinal diverticulum Single large stone in CBD (2 cm)
3 82; M Papilla of Vater stricture, after successful sphincterotomy 2 stones in CBD (1.5–3 cm)
4 77; M Papilla of Vater located near an intestinal diverticulum, not accessible Multiple stones (0.7–2.5 cm) in CBD
5 79; F Unable to extract stones from CBD Single large stone in CBD (3 cm)
6 86; M Unable to extract stones from CBD Multiple stones (0.7–2.5 cm) in CBD
7 81; M Subtotal gastrectomy. Billroth II Multiple stones (0.7–2.5 cm) in CBD
8 73; M Subtotal gastrectomy. Billroth II Single large stone in CBD (3.5 cm)
9 68; M Whipple operation Multiple stones in CBD and in left intrahepatic ducts (0.7–2.5 cm)
10 78; F Whipple operation Multiple stones (0.7–2.5 cm) in CBD
CBD, common biliary duct; M, male; F, female.
We report our experience and technique in a group of patients who
underwent ﬂexible percutaneous transhepatic (PT) choledochoscopy
and holmium laser lithotripsy in an attempt to avoid open surgery
when ERCP was not feasible or not possible anymore.
2. Patients and methods
We retrospectively reviewed all patients undergoing percutaneous
holmium laser lithotripsy and ablation of their biliary calculi from
January 1, 2011 to the time of the study. Ten patients underwent
PT ﬂexible choledochoscopy and holmium laser lithotripsy for the
management of biliary stone disease. Six of these patients had
failed endoscopic treatment after at least 1 unsuccessful ERCP (3 for
anatomy of ampulla of Vater, 1 for endoscopy intolerance and
2 for the presence of multiple, large, or impacted stones); four
patients were declared not suitable for an endoscopic procedure due
to previous surgical procedures involving stomach and duodenum
(Table 1). All patients had recurrent cholangitis and 3 of the total
10 patients presented jaundice and fever. Percutaneous transhepatic
cholangiography (PTC) was performed in all patients to verify the
diagnosis (Fig. 1); in 6 patients a pre-dilatation of the papilla with a
balloon and an attempt to clear CBD stones using occlusion balloon
pushing was performed (Fig. 2). The procedure was inconclusive and
an internal–external 8.5–10 F drainage tube was inserted, waiting
to perform choledochoscopy and holmium laser lithotripsy. In the
remaining 4 patients PTC was performed the same day of the
programmed choledochoscopy because CBD stones were multiple
Fig. 1. Percutaneous cholangiography conﬁrms the presence ofmultiple stones in CBD.
Fig. 2. Dilatation of the papilla with an occlusion balloon.
and/or large or impacted on the basis of previous imaging to be
cleared only with occlusion balloon pushing. In 2 patients there were
2 stones (diameter range 1.5–3 cm) in CBD; in 3 patients there was
a single large stone in CBD (diameters 2, 3 and 3.5 cm respectively);
in 4 patients there were multiple stones (diameter range 0.7–2.5 cm)
in CBD and in 1 patient there were many stones in CBD and in left
intrahepatic ducts (Table 1).
The approach was from a right midaxillary to a right-side duct
in 9 patients and from a subxyphoid approach to a left-lobe
duct in 1 patient. Each patient was kept in a state of moderate
sedation through intravenous administration of a combination of
midazolam0.07–0.08mg/kg (Ipnovel 15, Roche,Milan, Italy), propofol
0.5–2.0mg/kg/h (Diprivan, AstraZeneca S.p.A., Caponago, Italy) and
fentanyl 1–2mg/kg (Fentanest; Pharmacia & Upjohn, Milan, Italy).
Heart rate, electrocardiographic trace, oxygen saturation, respiratory
frequency and blood pressure were continuouslymonitored through-
out the procedure. During the entire procedure, patients were mon-
itored by an anesthesiologist. Adequate antibiotic prophylaxis was
achieved with 4.5 g of cefazolin sodium (Ancef, SmithKline Beecham
Pharmaceuticals, Philadelphia, PA, USA), routinely administered for
biliary procedures.
All procedures were performed in the angiography suite (Philips
Allura Xper FD20 system, Philips, Best, Netherlands).
Percutaneous transhepatic endoscopic biliary holmium laser litho-
tripsy (PTLB) was performed with an 8 F ﬂexible choledochoscopy
(VersaPulse Select; Coherent Inc, Santa Clara, CA, USA), inserted
by way of the access sheath (Fig. 3). A 200mm holmium laser, set
up at 0.5–2.5 J and 5 to 15Hz frequency, was used to fragment
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Fig. 3. Stone visualized by choledocoscopy; the light is the ﬁber (for performing
lithotripsy).
the biliary stones under direct vision with continuous warm saline
irrigation at an adjustable speed. Fluoroscopy was used as needed
for anatomic location, and intraprocedural cholangiography to show
retained stones or stone-free status. Sphincteroplasty was performed
in patients in whom the papilla was still too close, and an occlusion
balloon for the clearance of CBD calculi was used when continuous
warm saline irrigation at high pressure was not sufﬁcient.
After all stone fragments were ﬂushed through the papilla into
the duodenum a ﬁnal cholangiography was performed. At the end
of the procedure an 10–12 F internal–external biliary drainage tube
was left (Fig. 4). Two to three days after PTLB, a cholangiography
was performed before removal of biliary drainage. In the patient with
multiple intrahepatic calculi in the left lobe, only CBD stones were
treated. Clinical follow-upwas performed by the referring physician.
Technical success, clinical success and complications were eval-
uated. Technical success was deﬁned as stone-free status of CBD
at cholangiography performed at the end of the procedure. Clinical
success was deﬁned as absence of clinical (symptomatology and
laboratory tests) or imaging evidence of further CBD calculi at
24 hours and within 1 week after the procedure. Late success was
deﬁned as absence of repeat symptomatology during follow up,
without the need for a repeat percutaneous biliary procedure or a
subsequent surgical intervention.
Complicationswere classiﬁed asmajor orminor in accordancewith
the classiﬁcation systemof the Society of Interventional Radiology. 11
Fig. 4. At the end of the procedure an internal–external biliary drainage tube is left;
cholangiography reveals the absence of residual stones.
3. Results
In all patients, complete stone fragmentation and stone-free status of
CBD was achieved after 1 procedure. A CBCT acquisition (Xperguide,
PhilipsHealthcare, Best, Netherlands)was performed at the end of the
procedure to verify the absence of residual CBD stones in 2 patients;
in 2 patients CBCT was performed before the removal of the internal–
external drainage for the presence of doubt images suspected for
residual calculi at cholangiography. No stones were seen in CBD in
any case and biliary drainage was removed in all patients. In one of
the patients with surgical history, an internal stent (Carey Coons™,
Boston Scientiﬁc, Watertown, MA, USA) was deployed to maintain a
functioning papilla. No patients underwent additional procedures for
retained stones. The patient with untreated left intrahepatic calculi
presented a follow up of 12 months; in that period he was clinically
monitored: he remained asymptomatic and laboratory tests were in
the normal range.
Mean PTBL time was 60min. Hospital stay was no more than
4 days after the procedure. There were no major complications.
One patient suffered from abdominal pain immediately after the
procedure, which spontaneously resolved the day after. Duration of
follow-up was 6–25 months (mean 12.6). One patient died from
unrelated causes. No patient developed de novo strictures or other
complications related to the procedure. No patient was referred again
with symptomatic CBD stones or cholangitis.
Technical success rate was 100%, as shown by the complete absence
of residual calculi demonstrated with cholangiography performed at
the end of the procedure. The overall clinical success rate was 100%.
No major complications requiring intensive care treatment were
encountered during or after the procedures. In particular, no early
or delayed recurrence of cholangitis or obstructive jaundice, liver
functional impairment, residual or new stones were observed. None
of the patients showed signs of sepsis, bleeding, or peritonitis.
A minimum of 6 months of follow up was available for all our
patients who underwent PTBL. During this period, no recurrence
and/or procedure-related complications were observed.
Overall, PTBL treatment was well tolerated; minor complications
like temporary abdominal painwere considered not signiﬁcant by the
patients.
4. Discussion
Currently, most biliary calculi are successfully removed either at the
time of laparoscopic cholecystectomy or pre- or post-operativelywith
endoscopic retrograde cholangiopancreatography (ERCP). Increasing
populations of patients are unable to have their stones removed
endoscopically because the stones are too large or impacted or
previous surgical procedures make the papilla inaccessible. They also
may refuse or be unable to undergo general anesthesia and surgical
removal. Large stones (typically larger than 1.5 cm) often preclude
patients from safe endoscopic removal. Open CBD exploration is
typically reserved for patients who are not candidates for endoscopic
or laparoscopic procedures. However, open exploration may be
associated with other morbidities. Percutaneous treatment of biliary
stones represents an alternative: balloon dilatation of the papilla
and the retained stones are pushed into the bowel using an over-
the-wire occlusion balloon. The technique described in the present
study in turn has advantages over percutaneous extrahepatic biliary
stone removal using a Dormia basket. As Burhenne reported, Dormia
baskets have high success rates. 12 However, the Dormia basket
method requires a larger tract diameter, and it should be maintained
for at least 4–6 weeks for maturation of the transhepatic tract. 3,12
In our series, patients had exhausted all other treatment options
before referral and were dependent on external drainage.
Advances in urological techniques have revolutionized the treat-
ment of urolithiasis over the past several decades. 10 Stones that
were previously managed with open surgery, shock wave lithotripsy,
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or “blind” ﬂuoroscopic basketing can now be directly accessed
endoscopically and treated with laser lithotripsy. This has become
possible due to the miniaturization of ﬂexible endoscopes and the
widespread availability of the holmium laser.
The holmium laser is a small contact lithotrite (200–1000mm) that
effectively fragments urinary stones with minimal stone retropulsion
and subsequent collateral damage to surrounding tissue.
Additionally, the ﬂexible composition of the laser ﬁbers provides
little impedance to the deﬂection of ureteroscopes, thereby facili-
tating access to the entire urinary system. The success of holmium
laser lithotripsy in the management of urinary calculi has led several
investigators to apply this technology to complex biliary calculi
resistant to standard treatments. Several small series, 5–9 with a
mean of 16 patients (range 9–22 patients) have further validated the
usefulness of holmium laser lithotripsy for the treatment of difﬁcult
biliary calculi.
Shamamian and Grasso 8 reported a much larger series of 36
patients with complex intrahepatic biliary calculi (22 primary
and 14 secondary intrahepatic calculi); of these, 22 were treated
with percutaneous endoscopic holmium laser lithotripsy. Complete
stone clearance was accomplished in all patients after an average
of 3.9 (range 1–15) and 2.6 (range 1–10) procedures for those
with primary and secondary intrahepatic calculi, respectively. No
major complications occurred. No patient required open bile duct
exploration or hepatic resection.
Hazey et al. 7 retrospectively reviewed 13 non-Asian patients
with complex secondary biliary calculi treated percutaneously using
holmium laser lithotripsy. Based on their experience, the authors
concluded that holmium laser ablation is safe and efﬁcacious for
biliary calculi but may require prolonged biliary access and several
procedures.
Consistent with prior studies, we report a uniformly high success
rate in a single therapeutic setting despite failed prior attempts at
stone extraction. Our technique requires only 2–4 days of hospital
stay after PTBD. With respect to tract diameter, our technique
needed only a 9–10 F sheath passing to perform the procedure.
We do not think tract maturation is mandatory for PTBL, as was
suggested by Shamamian 8 who advised waiting 4–6 weeks between
the biliary drainage procedure and PTBL. Four patients of our series
underwent percutaneous laser lithotripsy the same day of the
drainage positioning, without any problem during the procedure; in
particular, we did not encounter any tract complications or bleeding.
In our opinion, somemeasures must be considered before and dur-
ing the procedure to prevent complications in this often debilitated
patient population. Many patients present with recurrent cholan-
gitis from complicated biliary calculi. Therefore, culture-speciﬁc
intravenous antibiotics are given at least 24 hours before surgery
and continued postoperatively while the patient is hospitalized.
Moreover, Healy et al. 9, at the conclusion of each case, directly instill
a ﬂuoroquinolone antibiotic into the CBD via the working sheath.
Because large amounts of ﬂuid are instilled into the CBD to ﬂush stone
fragments clear from the ﬁeld and subsequently in the duodenum,
warmed normal saline is mandatory to prevent hypothermia and
hyponatremia. Moreover, an orogastric (or oroduodenal) tube and
a bladder catheter are placed at the beginning of the procedure to
prevent ﬂuid overload.
In conclusion, PTBL in our experience represents a minimally
invasive approach, safe, accompanied by a high success rate, minimal
morbidity and a short hospital stay. PTLB may be considered for the
cases in which an endoscopic approach has failed or is not possible.
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